
Revista Brasileira de Física, Vol. 8, No 2 ,  1978 

On Gravitational Solitons 

NELSON L. TEIXEIRA 
Departamento de Física*, Universidade Federal da Paraíba, João Pessoa, PB 

Recebido em 21 de Novembro de 1977 

A g r a v i t a t i o n a l  model w i t h  exact general s o l u t i o n  (depending on two a r b i -  

t r a r y  func t ions)  i s  presented. The model exhi b i  t s  sol  i ton cha rac te r i s t i cs .  

Um modelo gravi  tac iona l  com exata solução geral  (dependendo de duas fun- 

ções a r b i t r á r i a s )  é apresentado. O modelo exibe ca rac te r i s t i cas  de so l i t on .  

1. INTRODUCTION 

Recently considerable e f f o r t  has been made t o  f i n d  s o l i t o n  s o l ~ i t i o n s  cor-  

respondi ng t o  (non-1 i near) evot ion  equations . I ndeed the "exponent i a l  

growth regime" on the number o f  papers on t h i s  sub jec t  i s  f u l  l y  j u s t i f  ied:  

so l  i tons may represent ob jec ts  t ha t  have some features o f  elementary par-  

t i c l es l .  I n  general r e l a t i v i t y ,  t h i s  idea could s u b s t i t u t e  the hope about 

g rav i tons .  Unfor tunate ly ,  up t o  now, s o l i t o n  and g r a v i t a t i o n  are  unmixed 

theor ies:  the d i f f i c u l t i e s  concerning coupled non- l inear p a r t i a 1  d i f f e r e n -  

t i a 1  equations are  formidable2, even i n  s i  tua t ions  s impler  than E ins te in ' s  

equations. 

The purpose o f  t h i s  note i s  t o  s t a r t  c l os ing  t h i s  gap. We propose a solu-  

b l e  g r a v i t a t i o n a l  model which e x h i b i t s  p lane wave s o l u t i o n  w i t h  some re-  

markable po in ts :  we have achieved a general s o l u t i o n  f o r  t h i s  model ( i .  e. 

a s o l u t  ion'depending on a rb i  t r a r y  func t ions)  - able t o  descr ibe so l  i tons 

wi t h  a rb i  t r a r y  shapes. The negat ive poir i t  i s :  we were able t o  f i n d  on ly  two 
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dirnensional waves - as i s  usual i n  the l i t e r a t u r e ;  and these waves were 

found under somewhat r e s t r i c t i v e  symrnetry assumpt ions. We s t rong l y  be l  ieve 

t h a t  i t  w i l l  be poss ib le  t o  remove these r e s t r i c t i o n s  very soon. 

2. A GRAVITATIONAL MODEL 

Let us conf ine ourselves t o  the universe w i t h  l i n e  elernent g iven by 

where g. = gi(z), w i t h  z = Ia1 - 1~3:~. 
2 

Under such cond i t ions  we have on ly  four  n o n- t r i v i a l  f i e l d  equations, name- 
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whsre g' = dg/dz.  

Thts l a s t  two equations are s a t i s f i e d  if 

which impl ies 

Then the f i r s  t two equations are reduced t o  the s ing le  one: 

where Vi i s  such t h a t  Si = exp /vi d z ,  being v i  a rb i  t r a r y  funct ions o f  z . ~  

I n  order  t o  have Minkowski met r ic ,  assymptoti cal l y ,  we impose the on l y  res- 

t r i c t i o n  upon the func t ions  vi: they must be bounded a t  i n f i n i  ty ,  i .e. 

So we have obtained a c lass  o f  wave so lu t i ons  fo r  the f i e l d  equations - a 
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c l a s s  depending on two a r b i t r a r y  f u n c t i o n s .  h n g  the  e l e m e n t s o f  t h i s c l a s s ,  

we have s o l i t a r y  waves by a convenient  cho ice  o f  t h e  f u n c t i o n s  v I n  p a r -  
i' 

t i c u l a r  we may s e l e c t ,  as s o l u t i o n s ,  s o l i t o n s  a l r e a d y  p resen t  i n  o t h e r  

t h e o r i e s .  

3. FINAL REMARKS 

The success i n  f i n d i n g  genera l  s o l i t o n  s o l u t i o n s  f o r  t h e g r a v i t a t i o n a l  f i e l d  

opens some i n t e r e s t i  ng possi b i  1 i t i e s :  f o l  l ow i  ng xme (yet unknown) p r e s c r i p -  

t i o n s  we may adapt these genera l  s o l u t i o n s  t o  p a r t i c u l a r  s o l  i tons ( s i n e -  

-Gordon, KdV, e t c . .  .) . I t may n o t  be j u s t  a co inc idence  t h a t  genera l  s o l u -  

t i o n s  c o u l d  be found ( t i l 1  now) o n l y  i n  a t h e o r y  t h a t  c la ims  t o  be u n i f i e d  

( o r  u n i f i a b l e ) .  
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